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Description 

DNase is a phosphodiesterase capable of hydrolyzing polydeoxyribonudeic acid. It acts to extensively and non- 
specif ically degrade DNA and in this regard is distinguished from the relatively limited and sequence-specific restriction 
endonucleases. This invention is concerned principally with DNase I and II. DNase I has a pH optimum near neutrality, 
an obligatory requirement for divalent cations, and produces 5*-phosphate nucleotides on hydrolysis of DNA. DNase II 
exhibits an acid pH optimum, can be activated by divalent cations and produces 3'-phosphate nucleotides on hydrolysis 
of DNA. Multiple molecular forms of DNase I and II also are known. 

DNase from various species has been purified to varying degree. Bovine DNase A, B, C. and D was purified and 
completely sequenced as early as 1973 (Liao et a/., J. Biol. Chem. 245:1489 [1973]; Salnikow et a/., J. Biol. Chem. 
242:1499 [1973]; Uao era/.. J. Biol. Chem. £49:2354 [1973]). Porcine and ovine DNase have been purified and fully 
sequenced (Paudel et a/.. J. Biol. Chem. 261:16006 [1986] and Paudel era/., J. Biol. Chem. 261:16012 [1986]). Human 
urinary DNase was reported to have been purified to electrophoretically homogeneous state and the N-terminal amino 
acid observed to be leucine; no other sequence was reported (Ito era/., J. Biochem. 35:1399 [1984]; see also Funako- 
shi er a/., J. Biochem. 22:1771 [1977]; Murai et a/., Biochim. et Biophys. Acta 517:186 [1978] and Wroblewski er a/ 
P.S.E.B.M. 24:443 [1950]). 

Notwithstanding that full sequence information for a mammalian DNase first became known in 1973. only recently 
has a report appeared of an attempt to clone and express this class of enzymes. Shields et al. describe the expression 
cloning of part of the gene for bovine DNase I and expression of a fusion product in E. colt which was biologically and 
immunologically active (Biochem. Soc. Trans. 15:195 [1988]). The DNase product of Shields era/., however, was toxic 
to the host cells and could only be obtained by the use of an inducible promoter. Furthermore, great difficulty was 
encountered in attempts to isolate plasmid DNA from either clone, an obstacle attributed to constitutive levels of expres- 
sion of DNase from the clones, so that these authors were unable to determine the sequence for the DNase-encoding 
nucleic acid. According to Shields et al., the inability to recover the plasmid was the result of constitutive expression of 
DNase even when the promoter was repressed at low temperature. This would create a considerable obstacle since 
Shields etal. had only identified the clone by expression cloning, which necessarily requires that the DNase be placed 
under the control of a promoter of some sort. 

DNase finds a number of known utilities, and has been used for therapeutic purposes. Its principal therapeutic use 
has been to reduce the viscosity of pulmonary secretions in such diseases as pneumonia, thereby aiding in the clearing 
of respiratory airways. Obstruction of airways by secretions can cause respiratory distress, and in some cases, can lead 
to respiratory failure and death. Bovine pancreatic DNase has been sold under the tradename Dornavac (Merck), but 
this product was withdrawn from the market. Reports indicate that this product had some clinical efficacy. However, 
although some clinicians observed no significant side effects (Lieberman, JAMA 205:312[1968]). others noted serious 
complications such as pulmonary irritation and anaphylaxis (Raskin, Am. Rev. Resp. Dis., 25:697 [1968]). Such com- 
plications may be attributed to the fact that the previously marketed products were contaminated with proteases and 
were immunogenic in humans. In fact, although the clinical problem of thick pulmonary secretions is often chronic and 
recurring, prolonged therapy with bovine pancreatic DNase was not recommended. These problems could be over- 
come by providing DNase of human origin and producing it in large quantities in nonpancreatic exocrine cells to facili- 
tate purification free of contaminant proteases. 

Accordingly, it is an object of this invention to provide nucleic acid encoding human DNase. 

It is another object to provide a method for expression of human DNase in recombinant cell culture. 

A further object is to enable the preparation of DNase having variant amino acid sequences or glycosylation not 
otherwise found in nature, as well as other derivatives of DNase, having improved properties including enhanced spe- 
cific activity. 

The objects of this invention have been accomplished by a method comprising providing nucleic acid encoding 
human DNase; transforming a host cell with the nucleic acid; culturing the host cell to allow DNase to accumulate in the 
culture; and recovering DNase from the culture. Surprisingly, a full length clone encoding human DNase has been iden- 
tified and recovered, and moreover this DNA is readily expressed by recombinant host cells. 

In preferred embodiments the mammalian DNase is full-length, mature human DNase, having the amino acid 
sequence of native human DNase, its naturally occurring alleles, or predetermined amino acid sequence or glycosyla- 
tion variants thereof. The nucleic acid encoding the DNase preferably encodes a preprotein which is processed and 
secreted from host cells, particularly mammalian cells. 

Figure 1 depicts the amino acid and DNA sequence of human DNase. The native signal sequence is underlined, 
the potential initiation codons are circled, and the mature sequence is bracketed. 

Figure 2 shows a comparison between the amino acid sequence for mature human (hDNase) and bovine (bDNase) 
DNase. Asterisks denominate exact homology, periods designate conserved substitutions. 

Figure 3 shows the construction of the expression vectors pRK.DNase.3 and pSVe.DNase. 

Figure 4 shows the construction of the expression vector pSVI.DNase that contains the splice unit of the pRK5 vec- 
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tor without any modifications. 

Figure 5 shows the construction of the expression vectors pSVII2.DNase, pSVI3.DNase, pSVIS.DNase. and 
pSVI6b.DNase containing the modifications in the splice unit and surrounding DNA. 

Figure 6 shows the complete nucleotide sequence of pSVI.DNase up to, but not including, the coding region of 
DNase. 

Figure 7 shows the complete nucleotide sequence of pSVI2. DNase up to, but not including, the coding region of 
DNase. 

Figure 8 shows the complete nucleotide sequence of pSVI3. DNase up to, but not including, the coding region of 
DNase. 

Figure 9 shows the complete nucleotide sequence of pSVIS. DNase up to, but not including, the coding region of 
DNase. 

Figure 10 shows the complete nucleotide sequence of pSVI6B.DNase up to. but not including, the coding region of 
DNase. 

Fig. 1 1 shows a schematic representation of the splice unit nucleotide sequences involved in the preparation of the 
vectors of this example, i.e., SVI, SVI2, SVI3. SVI5, and SVI6B. The boxes represent changes from the SVI sequence 
the double underlining is a spurious ATG codon. the underlining shows spurious splice sites and added or changed 
branchpoint sequence (BPS) regions, the breaks in sequence represent deletions of the nucleotides for SVI3-SVI5. the 

designation indicates sequence not shown, and the carets indicate the 5' and 3' cleavage sites within the splice 
donor and splice acceptor, respectively, of the splice unit. 

Human DNase is defined as a polypeptide having the amino acid sequence of Fig. 1 together with amino acid 
sequence variants thereof which retain the qualitative enzymatic activity of DNase. Preferably, the variants are not 
immunogenic in humans. Variants may possess greater enzymatic activity, enhanced resistance to inhibition (in partic- 
ular by actin), improved solubility, or may be expressed at higher levels by host cells. 

Amino acid sequence variants of DNase fall into one or more of three classes: Substitutional, insertional or dele- 
tions variants. These variants ordinarily are prepared by site specific mutagenesis of nucleotides in the DNA encoding 
the DNase, by which DNA encoding the variant is obtained, and thereafter expressing the DNA in recombinant ceil cul- 
ture. However, variant DNase fragments having up to about 100-150 residues may be prepared conveniently by in vitro 
synthesis. 

The amino acid sequence variants of human DNase are predetermined or are naturally occurring alleles. For exam- 
ple, bovine pancreatic DNase is found naturally as 4 molecular variants which possess the same enzymatic activity but 
differ in glycosylation pattern or substitution at the amino acid level. Additionally, human DNase is found naturally with 
an arginine or a glutamine residue at amino acid 222. The variants typically exhibit the same qualitative biological activ- 
ity as the naturally-occurring analogue. Specifically excluded from the scope of human DNase as described herein are 
the sequences of naturally occurring bovine, porcine or ovine DNase. 

While the site for introducing an amino acid sequence variation is predetermined, the mutation per se need not be 
predetermined. For example, in order to optimize the performance of a mutation at a given site, saturation mutagenesis 
is introduced at the target codon or region and the DNase variant then screened for the optimal combination of desired 
activity. 

Amino acid substitutions are typically introduced for single residues; insertions usually will be on the order of about 
from 1 to 10 amino acid residues; and deletions will range about from 1 to 30 residues. Deletions or insertions prefera- 
bly are made in adjacent pairs, i.e. a deletion of 2 residues or insertion of 2 residues. Substitutions, deletions, insertions 
or any combination thereof may be combined to arrive at a final construct. Obviously, the mutations that will be made in 
the DNA encoding the variant DNase must not place the sequence out of reading frame and preferably will not create 
complementary regions that could produce secondary mRNA structure (EP 75.444A). 

Substitutional variants are those in which at least one residue in the Fig. 1 sequence has been removed and a dif- 
ferent residue inserted in its place. Such substitutions generally are made in accordance with the following Table 1 when 
it is desired to finely modulate the characteristics of DNase. 



TABLE 1 



Original Residue 


Exemplary Substitutions 


Ala 


ser 


Arg 


lys 


Asn 


gin; his 


Asp 


glu 
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TABLE 1 (continued) 



Original Residue 


Exemplary Substitutions 


Cys 


ser 


Gin 


asn 


Glu 


asp 


Gly 


pro 


His 


asn; gin 


lie 


leu; val 


Leu 


ile; val 


Lys 


arg; gin; glu 


Met 


leu; ile 


Phe 


met; leu; tyr 


Ser I 


thr 


Thr 


ser 


Trp 


tyr 


Tyr 


trp; phe 


Val 


ile; leu 



Substantial changes in function or immunological identity are made by selecting substitutions that are less conserv- 
ative than those in Table 1, i.e., selecting residues that differ more significantly in their effect on maintaining (a) the 
structure of the polypeptide backbone in the area of the substitution, for example as a sheet or helical conformation, (b) 

30 the charge or hydrophobicity of the molecule at the target site or (c) the bulk of the side chain. The substitutions which 
in general are expected to produce the greatest changes in DNase properties will be those in which (a) a hydrophilic 
residue, e.g. seryl or threonyl, is substituted for (or by) a hydrophobic residue, e.g. leucyl, isoleucyl, phenylalanyl, valyl 
or alanyl; (b) a cysteine or proline is substituted for (or by) any other residue; (c) a residue having an electropositive side 
chain, e.g., lysyl, arginyl, or histidyl, is substituted for (or by) an electronegative residue, e.g., glutamyl or aspartyl; or (d) 

35 a residue having a bulky side chain, e.g., phenylalanine, is substituted for (or by) one not having a side chain, e.g., gly- 
cine. 

Examples of human DNase amino acid sequence variants are described in the table below. The residue following 
the residue number indicates the replacement or inserted amino acids. 

40 
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Table 2 
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Substitutions 




H134K, N, R or Q 


FGW, L, I, M or V 


A135S 


I8F, L, V, M or W 


L1 33V, I or A 


R41 K or H 


P132A 


S43T, C or Y 


N18K. H, R or Q 


K77R or H 


S17T 


R79K or H 


T20S or Y 


N110D, S, T, R, Y or Q 


N106K, H, R or Q 


G167P 


G105P or A 


F169L, V, lorM 


D107E orT 


A171G, VorM 


R140A 


S250T, Y or M 


R121KorH 


Y253T, S or M 


T108S orY 


R73N 


P103S, Tor Y 


R73C + D139C 


C101S.T, YorM 


K260R or S 


C104S, T, Y or M 


L259V, I or M 


Deletions 


Insertions 


A34H-A39E 


K260RA-COOH 


A159G-161E 


V131AP132 


A204A-208H 


P132A L133 


A121R-127E 




A188T-191T 




A204A-208H 




A223G-231L 




A260K 





In general, sequence variation is introduced into residues 6-10, 41-43, 77-79, 110-112, 167-171,250-253,73 93 
157, 149, 185, 187, 198, 17-20, 105-108 and 131-139. Preferably, the variants represent conservative substitutions. It 
will be understood that some variants may exhibit reduced or absent hydrolytic activity. These variants nonetheless are 
useful as standards in immunoassays for DNase so long as they retain at least one immune epitope of native human 
DNase. 

Glycosylation variants are included within the scope of human DNase. Included are unglycosylated amino acid 
sequence variants, unglycosylated DNase having the native, unmodified amino acid sequence of DNase, and glyco- 
sylation variants. For example, substitutional or deletional mutagenesis is employed to eliminate the N-linked glycosyla- 
tion sites of human DNase found at residues 18 and 106, e.g., the asparagine residue is deleted or substituted for by 
another basic residue such as lysine or histidine. Alternatively, flanking residues making up the glycosylation site are 
substituted or deleted, even though the asparagine residues remain unchanged, in order to prevent glycosylation by 
eliminating the glycosylation recognition site. Unglycosylated DNase which has the amino acid sequence of native 
human DNase is produced in recombinant prokaryotic cell culture because prokaryotes are incapable of introducing 
glycosylation into polypeptides. In addition, glycosylation variants may be generated by adding potential N-linked glyc- 
osylation sites through inserting (either by amino acid substitution or deletion) consensus sequences for N-linked glyc- 
osylation: Asn-X-Ser or Asn-X-Thr. Glycosylation variants may be generated by both eliminating the N-linked 
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glycosylation sites at residues 18 and 106 and by adding new ones. 

Glycosylation variants, i.e.. glycosylation which is different from that of human pancreatic or urinary DNase. are 
produced by selecting appropriate host cells or by in vitro methods. Yeast, for example, introduce glycosylation which 
varies significantly from that of mammalian systems. Similarly, mammalian cells having a different species (e.g. ham- 
ster, murine, insect, porcine, bovine or ovine) or tissue origin (e.g. lung, liver, lymphoid, mesenchymal or epidermal) 
than the source of the DNase are screened for the ability to introduce variant glycosylation as characterized for example 
by elevated levels of mannose or variant ratios of mannose, fucose, sialic acid, and other sugars typically found in mam- 
malian glycoproteins. In addition, mammalian or yeast cells which possess mutations with respect to glycosylation phe- 
notype may be identified, selected for following mutation, or constructed and utilized to produce DNase. in vitro 
processing of DNase typically is accomplished by enzymatic hydrolysis, e.g. neuraminidase or endoglycosydase H 
digestion. 

Insertional amino acid sequence variants of DNases are those in which one or more amino acid residues are intro- 
duced into a predetermined site in the target DNase and which displace the preexisting residues. Most commonly, 
insertional variants are fusions of heterologous proteins or polypeptides to the amino or carboxyl terminus of DNase. 
DNase derivatives which are immunogenic in humans are not preferred, e.g. those which are made by fusing an immu- 
nogenic polypeptide to DNase by cross-linking in vitro or by recombinant cell culture transformed with DNA encoding 
immunogenic fusions such as lacZ . For this reason, the typical insertional variants contemplated herein are the signal 
sequence variants described above. 

Covalent modifications of the DNase molecule are included within the scope hereof. Such modifications are intro- 
duced by reacting targeted amino acid residues of the recovered protein with an organic derivatizing agent that is capa- 
ble of reacting with selected side chains or terminal residues, or by harnessing mechanisms of post-translational 
modification that function in selected recombinant host cells. The resulting covalent derivatives are useful in programs 
directed at identifying residues important for biological activity, for immunoassays of DNase or for the preparation of 
anti-human DNase antibodies for immunoaffinity purification of recombinant DNase. For example, complete inactivation 
of the biological activity of the protein after reaction with ninhydrin would suggest that at least one arginyl or lysyl resi- 
due is critical for its activity, whereafter the individual residues which were modified under the conditions selected are 
identified by isolation of a peptide fragment containing the modified amino acid residue. 

Cysteinyl residues most commonly are reacted with a-haloacetates (and corresponding amines), such as chlorac- 
tic acid or chloracetamide to give carboxymethyl or carboxamidomethyl derivatives. Cysteinyl residues also are deriva- 
tized by reaction with bromotrifluoroacetone, a-bromo-p-(5-imidozoyl) propionic acid, chloroacetol phosphate, N- 
alkylmaleimides, 3-nitro-2-pyridyl disulfide, methyl 2-pyridyl disulfide, p-chloromercuribenzoate, 2-chloromercuri-4- 
nitrophenol or chloro-7-nrtrobenzo-2-oxa-1 ,3-diazole. 

Histidyl residues preferably are derivatized by reaction with diethylpyrocarbonate at pH 5.5 to 7.0 because this 
agent is relatively specific for the histidyl side chain. Parabromo-phenacyl bromide also is useful; the reaction should be 
performed in 0.1 M sodium cacodylate at pH 6.0. 

Lysinyl and amino terminal residues are reacted with succinic or other carboxylic acid anhydrides. Derivatization 
with these agents has the effect of reversing the charge of the lysinyl residues. Other suitable reagents for derivatizing 
a amino-containing residues include imidoesters such as methyl picolinimidate; pyridoxal phosphate; pyridoxal; 
cloroborohydride; trinitrobenzenesulfonic acid; O-methylisourea; 2,4-pentanedione; and transaminase-catalyzed reac- 
tion with glyoxylate. 

Arginyl residues are modified by reaction with one of several conventional reagents, among them phenylglyoxal, 
2,3-butanedione, 1 ,2-cyclohexanedione, and ninhydrin. Derivatization of arginine residues requires that the reaction be 
performed in alkaline conditions because of the high pKa of the guanidine functional group. Furthermore, these rea- 
gents may react with the groups of lysine as well as the arginine e-amino group. 

The specific modification of tyrosyl residues perse has been extensively studied, with particular interest in intro- 
ducing spectral labels into tyrosyl residues by reaction with aromatic diazonium compounds or tetranitrom ethane. Most 
commonly, N-acetylimidzol and tetranitromethane are used to form O-acetyl tyrosyl species and 3-nitro derivatives, 
respectively. Tyrosyl residues are iodinated using 125 l or 131 1 to prepare labelled proteins for use in radioimmunoassay! 
the chloramine T method being widely adopted per se for this purpose. 

Carboxyl side groups (aspartyl or glutamyl) are selectively modified by reaction with carbodiimides (R'-N=C=N-R') 
such a 1-cyclohexyl-3-(2-morpholinyl-(4)-ethyl) carbodiimide or 1-ethyl-3-(4-azonia-4,4-dimethylpentyl)-carbodiimide. 
Furthermore, aspartyl and glutamyl residues are converted to asparaginyl and glutaminyl residues by reaction with 
ammonium ions, this being an alternative to mutating the nucleic acid to encode asparagine are glutamine. 

Derivatization with Afunctional agents is useful for preparing intermolecular aggregates of the protein with immu- 
nogenic polypeptides as well as for cross-linking the protein to a water insoluble support matrix or surface for use in the 
assay or affinity purification of antibody. In addition, a study of intrachain cross-links will provide direct information on 
conformational structure. Commonly used cross-linking agents include 1.1-bis(diazoacetyl)-2-phenylethane,glutaralde- 
hyde.N-hydroxysuccinimide esters.for example esters with 4-azidosalicylic acid, homobifunctional imidoesters including 
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disuccinimidyt esters such as 3,3'-dithiobis (succinimidyl -propionate), and bifunctional maleimides such as bis-N-male- 
imido-1,8-octane. Derivatizing agents such as metriyl-3-[(p-azidophenyl)dithio] propioimidate yield photoactivatable 
intermediates which are capable of forming cross-links in the presence of light. Alternatively, reactive water insoluble 
matrices such as cyanogen bromide activated carbohydrates and the reactive substrates described in U S patents 
3,969.287; 3.691,016; 4,195,128; 4,247,642; 4,229,537 and 4,330,440 are employed for protein immobilization. 

Certain post-translational denizations are the result of the action of recombinant host cells on the expressed 
polypeptide. Glutaminyl and asparaginyl residues are frequently post-translationally deamidated to the corresponding 
glutamyl and aspartyl residues. Alternatively, these residues are deamidated under mildly acidic conditions. Either form 
of these residues falls within the scope of this invention. 

Other post-translational modifications include hydroxylation of proline and lysine, phosphorylation of hydroxyl 
groups of seryl or threonyl residues, methylation of the a-amino groups of lysine, arginine, and hystidine side chains 
(T.E. Creighton, Proteins: Structure and Molecular Properties W.H. Freeman & Co.. San Francisco pp 79-86 [1983]), 
acetylation of the N-terminal amine and, in some instances, amidation of the C-terminal carboxyl. 

Other derivatives comprise the polypeptide of this invention covalently bonded to a nonproteinaceous polymer The 
nonproteinaceous polymer ordinarily is a hydrophilic synthetic polymer, i.e.. a polymer not otherwise found in nature. 
However, polymers which exist in nature and are produced by recombinant or in vitro methods are useful, as are poly- 
mers which are isolated from nature. Hydrophilic polyvinyl polymers fall within the scope of this invention, e.g. polyviny- 
lalcohol and polyvinylpyrrolidone. Particularly useful are polyalkylene ethers such as polyethylene glycol, polypropylene 
glycol, polyoxyethylene esters or methoxy polyethylene glycol; polyoxyalkylenes such as polyoxyethylene. polyoxypro- 
pylene, and block copolymers of polyoxyethylene and polyoxypropylene (Pluronics); polymethacrylates; carbomers; 
branched or unbranched polysaccharides which comprise the saccharide monomers D-mannose, D- and L-galactose. 
fucose, fructose, D-xylose, L-arabinose. D-glucuronic acid, sialic acid, D-galacturonic acid, D-mannuronic acid (e.g. 
polymannuronic acid, or alginic acid), D-glucosamine, D-galactosamine, D-glucose and neuraminic acid including 
homopolysaccharides and heteropolysaccharides such as lactose, amylopectin, starch, hydroxyethyl starch, amylose, 
dextran sulfate, dextran, dextrins, glycogen, or the polysaccharide subunit of acid mucopolysaccharides, e.g. hyaluronic 
acid; polymers of sugar alcohols such as polysorbitol and polymannitol; and heparin or heparon. Where the polysac- 
charide is the native glycosylation or the glycosylation attendant on recombinant expression, the site of substitution may 
be located at other than a native N or O-linked glycosylation site wherein an additional or substitute N or O-linked site 
has been introduced into the molecule. Mixtures of such polymers are employed, or the polymer may be homogeneous. 
The polymer prior to crosslinking need not be, but preferably is, water soluble, but the final conjugate must be water sol- 
uble. In addition, the polymer should not be highly immunogenic in the conjugate form, nor should it possess viscosity 
that is incompatible with intravenous infusion or injection if it is intended to be administered by such routes. 

Preferably the polymer contains only a single group which is reactive. This helps to avoid cross-linking of protein 
molecules. However, it is within the scope herein to optimize reaction conditions to reduce cross-linking, or to purify the 
reaction products through gel filtration or chromatographic sieves to recover substantially homogeneous derivatives. 

The molecular weight of the polymer ranges about from 100 to 500,000, and preferably is about from 1,000 to 
20,000. The molecular weight chosen will depend upon the nature of the polymer and the degree of substitution. In gen- 
eral, the greater the hydrophilicity of the polymer and the greater the degree of substitution, the lower the molecular 
weight that can be employed. Optimal molecular weights will be determined by routine experimentation. 

The polymer generally is covalently linked to the polypeptide herein through a multifunctional crosslinking agent 
which reacts with the polymer and one or more amino acid or sugar residues of the protein. However, it is within the 
scope of this invention to directly crosslink the polymer by reacting a derivatized polymer with the protein, or vice versa. 

The covalent crosslinking site on the polypeptide includes the N-terminal amino group and epsilon amino groups 
found on lysine residues, as well as other amino, imino. carboxyl, sulfhydryl, hydroxyl or other hydrophilic groups. The 
polymer may be covalently bonded directly to the protein without the use of a multifunctional (ordinarily bifunctional) 
crosslinking agent. Examples of such crosslinking agents include 1.1-bis(diazoacetyl)-2-phenyl ethane, glutaraldehyde, 
N-hydroxysuccinimide esters, for example esters with 4-azidosalicylic acid, homobifunctional imidoesters including dis- 
uccmimidyl esters such as 3.3'-dithiobis (sucdnimidyl-propionate). and bifunctional maleimides such as bis-N-maleim- 
ido-1,8-octane. Derivatizing agents such as methyl-3-[(p-azido-phenyl)dithio] propioimidate yield photoactivatable 
intermediates which are capable of forming cross-links in the presence of light. Alternatively, reactive water soluble 
matrices such as cyanogen bromide activated carbohydrates and the systems described in U.S. patents 3 959 080- 
3.969,287; 3,691,016; 4,195.128; 4,247,642; 4,229,537; 4,055,635 and 4,330,440 are suitably modified for cross-link- 
ing. Covalent bonding to amino groups is accomplished by known chemistries based upon cyanuric chloride, carbonyl 
dnmidazole, aldehyde reactive groups (PEG alkoxide plus diethyl acetal of bromoacetaldehyde; PEG plus DMSO and 
acetic anhydride, or PEG chloride plus the phenoxide of 4-hydroxybenzaldehyde, succinimidyl active esters, activated 
drthiocarbonate PEG. 2,4,5-trichlorophenylchloroformate or p-nitrophenylchloroformate activated PEG.' Carboxyl 
groups are derivatized by coupling PEG-amine using carbodiimide. 

Polymers are conjugated to oligosaccharide groups by oxidation using chemicals, e.g. metaperiodate. or enzymes, 
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e.g. glucose or galactose oxidase, (either of which produces the aldehyde derivative of the carbohydrate), followed by 
reaction with hydrazide or amino-derivatized polymers, in the same fashion as is described by Heitzmann et al. 
RN.A.S.. Zl:3537-3541 (1974) or Bayer etal., Methods in Enzymology, S2:310 (1979). for the labeling of oligosaccha- 
rides with biotm or avidin. Further, other chemical or enzymatic methods which have been used heretofore to link oli- 
gosaccharides and polymers may be suitable. Substituted oligosaccharides are particularly advantageous because in 
general, there are fewer substitutions than amino acid sites for derivatization. and the oligosaccharide products thus will 
be more homogeneous. The oligosaccharide substituents also are optionally modified by enzyme digestion to remove 
sugars. e.g. by neuraminidase digestion, prior to polymer derivatization. 

The polymer will bear a group which is directly reactive with an amino acid side chain, or the N- or C- terminus of 
the polypeptide herein, or which is reactive with the multifunctional cross-linking agent. In general polymers bearing 
such reactive groups are known for the preparation of immobilized proteins. In order to use such chemistries here one 
should employ a water soluble polymer otheiwise derivatized in the same fashion as insoluble polymers heretofore 
employed for protein immobilization. Cyanogen bromide activation is a particularly useful procedure to employ in 
crosslinking polysaccharides. 

"Water soluble" in reference to the polymer conjugate means that the conjugate is soluble in physiological fluids 
such as blood in an amount which is sufficient to echieve a therapeutically effective concentration. 

"Water soluble" in reference to the starting polymer means that the polymer or its reactive intermediate used for 
conjugation is sufficiently water soluble to participate in a derivatization reaction. 

The degree of substitution with polymer will vary depending upon the number of reactive sites on the protein 
whether all or a fragment of protein is used, whether the protein is a fusion with a heterologous protein, the molecular 
weight. hydrophihcrty and other characteristics of the polymer, and the particular protein derivatization sites chosen In 
general, the conjugate contains about from 1 to 10 polymer molecules, while any heterologous sequence may be sub- 
stituted with an essentially unlimited number of polymer molecules so long as the desired activity is not significantly 
adversely affected. The optimal degree of crosslinking is easily determined by an experimental matrix in which the time 
temperature and other reaction conditions are varied to change the degree of substitution, after which the ability of the 
conjugates to function in the desired fashion is determined. 

The polymer, e.g. PEG. is crosslinked by a wide variety of methods known perse for the covalent modification of 
proteins with nonproteinaceous polymers such as PEG. Certain of these methods, however, are not prefened for the 
purposes herein. Cyanuric chloride chemistry leads to many side reactions, induding protein cross-linking. In addition 
it may be particularly likely to lead to inactivation of proteins containing sulfhydryl groups. Caibonyl diimidazole chem- 
istry (Beauchamp ef al.. "Anal. Biochem." 131:25-33 [1983D requires high pH (>8.5). which can inactivate proteins 
Moreover, since the "activated PEG" intermediate can react with water, a very large molar excess of "activated PEG : 
over protein is required. The high concentrations of PEG required for the carbonyl diimidazole chemistry also led to 
problems with purification, as both gel filtration chromatography and hydrophobic interaction chromatography are 
adversely effected. In addition, the high concentrations of "activated PEG" may precipitate protein, a problem that per 
se has been noted previously (Davis. U.S. Patent 4.1 79.337). On the other hand, aldehyde chemistry (Royer U S Pat- 
ent 4,002,531) is more efficient since it requires only a 40 fold molar excess of PEG and a 1-2 hr incubation However 
the manganese dioxide suggested by Royer for preparation of the PEG aldehyde is problematic -because of the pro- 
nounced tendency of PEG to form complexes with metal-based oxidizing agents" (Harris et al., "J. Polym. Sci Polym 
Chem. Ed" 22:341-352 [1984]). The use of a moffatt oxidation, utilizing DMSO and acetic anhydride, obviates this prob- 
em Un addition the > sodium borohydride suggested by Royer must be used at a high pH and has a significant tendency 
to reduce disulfide bonds. In contrast, sodium cyanoborohydride. which is effective at neutral pH and has very little ten- 
dency to reduce disulfide bonds is preferred. 

The conjugates of this invention are separated from unreacted starting materials by gel filtration. Heterologous spe- 
cies of the conjugates are purified from one another in the same fashion. The polymer also may be water insoluble as 
a hydroph.l.c gel or a shaped article. Particularly useful are polymers comprised by surgical tubing such as catheters or 
drainage conduits. 

nMA?u encod !? 9 numan DNase is synthesized by in vitro methods or is obtained readily from human pancreatic 
llbrane * , S ' nce F, 9- 1 106 DNA sequence for human DNase. one needs only to conduct hybridization 
screening with labelled DNA encoding human DNase or fragments thereof (usually, greater than about 50bp) in order 
to detect clones in the cDNA libraries which contain homologous sequences, followed by analyzing the clones by 
restriction enzyme analysis and nucleic acid sequencing to identify full-length clones. If full length clones are not 
present in the library, then appropriate fragments may be recovered from the various clones and ligated at restriction 
sites common to the fragments to assemble a full-length clone. DNA encoding DNase from other animal species is 
obtained by probing libraries from such species with the human sequence, or by synthesizing the genes in vitro (for 
bovine, porcine or ovine DNase). K 

Included within the scope hereof are nucleic acid probes which are capable of hybridizing under high stringency 
conditions to the cDNA of human DNase or to the genomic gene for human DNase (including introns and 5' or 3' flank- 
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mg regions extending to the adjacent genes or about 5.000 bp, whichever is greater). Identification of the genomic DNA 
for DNase is a straight-forward matter of probing a human genomic library with the cDNA or its fragments which have 
been labelled with a detectable group, e.g. radiophosphorus, and recovering clone(s) containing the gene. The com- 
plete gene is pieced together by "walking" if necessary. Typically, the probes do not encode bovine, ovine or porcine 
DNase. and they range about from 1 0 to 1 00 bp in length. 

In general, prokaryotes are used for cloning of DNA sequences in constructing the vectors useful in the invention 
For example. E coii K12 strain 294 (ATCC No. 31446) is particularly useful. Other microbial strains which may be used 
include £. coli B and E. coii X1776 (ATCC No. 31537). These examples are illustrative rather than limiting. Alternatively 
in vitro methods of cloning, e.g., PCR, are suitable. 

DNase is expressed directly in recombinant cell culture as an N-terminal methionyl analogue, or as a fusion with a 
polypeptide heterologous to human DNase, preferably a signal sequence or other polypeptide having a specific cleav- 
age site at the N-terminus of the DNase. For example, in constructing a prokaryotic secretory expression vector the 
native DNase signal is employed with hosts that recognize the human signal. When the secretory leader is "recognized" 
by the host, the host signal peptidase is capable of cleaving a fusion of the leader polypeptide fused at its C-terminus 
to the desired mature DNase. For host prokaryotes that do not process the human signal, the signal is substituted by a 
prokaryotic signal selected for example from the group of the alkaline phosphatase, penicillinase, Ipp or heat stable 
enterotoxin II leaders. For yeast secretion the human DNase signal may be substituted by the yeast invertase, alpha 
factor or aad phosphatase leaders. In mammalian cell expression the native signal is satisfactory, although other mam- 
malian secretory protein signals are suitable, as are viral secretory leaders, for example the herpes simplex gD signal 
DNase is expressed in any host cell, but preferably is synthesized in mammalian hosts. However, host cells from 
prokaryotes. fungi, yeast, pichia. insects and the like are also are used for expression. Exemplary prokaryotes are the 
strains suitable for cloning as well as E. coii W3110 (P, \- prototrophic. ATTC No. 27325), other enterobacteriaceae 
such as SfiirMa marcescans , bacilli and various pseudomonads. Preferably the host cell should secrete minimal 
amounts of proteolytic enzymes. 

Expression hosts typically are transformed with DNA encoding human DNase which has been ligated into an 
expression vector. Such vectors ordinarily carry a replication site (although this is not necessary where chromosomal 
integration will occur). It is presently preferred to utilize an expression vector as described in Example 4 below, where 
the vector contains a splice-donor-intron-spl ice-acceptor sequence or unit. 

Expression vectors also include marker sequences which are capable of providing phenotypic selection in trans- 
formed cells. For example, E. coii is typically transformed using pBR322, a plasmid derived from an E. coii species 
(Bolivar, et al. , Gene 2: 95 [1977]). pBR322 contains genes for ampicillin and tetracycline resistance and thus provides 
easy means for identifying transformed cells, whether for purposes of cloning or expression. Expression vectors also 
optimally will contain sequences which are useful for the control of transcription and translation, e.g., promoters and 
Shine-Dalgarno sequences (for prokaryotes) or promoters and enhancers (for mammalian cells). The promoters may 
be, but need not be, inducible; surprisingly, even powerful constitutive promoters such as the CMV promoter for mam- 
malian hosts have been found to produce DNase without host cell toxicity. While it is conceivable that expression vec- 
tors need not contain any expression control, replicative sequences or selection genes, their absence may hamper the 
identification of DNase transformants and the achievement of high level DNase expression. 

Promoters suitable for use with prokaryotic hosts illustratively include the p-lactamase and lactose promoter sys- 
tems (Chang etai. t "Nature", 2Z5: 615 [1978]; and Goeddel era/.. "Nature" 281: 544 [1979]), alkaline phosphatase the 
tryptophan (trp) promoter system (Goeddel "Nucleic Acids Res." 8: 4057 [1980] and EPO Appln. Publ. No. 36.776)'and 
hybrid promoters such as the tac promoter (H. de Boer et a!. , "Proc. Natl. Acad. Sci. USA" 80: 21 -25 [1983]) However 
other functional bacterial promoters are suitable. Their nucleotide sequences are generally known, thereby enabling a 
skilled worker operably to ligate them to DNA encoding DNase (Siebenlist et ai.. "Cell" 2Q: 269 [1980]) using linkers or 
adaptors to supply any required restriction sites. Promoters for use in bacterial systems also will contain a Shine-Dal- 
garno (S.D.) sequence operably linked to the DNA encoding DNase. 

In addition to prokaryotes. eukaryotic microbes such as yeast, or filamentous fungi are satisfactory. Saccharomy- 
ces cerQvisiae is the most commonly used eukaryotic microorganism, although a number of other strains are commonly 
available. Strains of Saccharomygqs cerevisiae having the identifying characteristics of strain AB107-30(4)-VN#2 
(ATCC Accession No. 20937). particularly its resistance to 4M orthovanadate, is particularly suitable for DNase expres- 
sion. With this VN#2 strain, it is desirable to stably transform the cells with a high-copy-number plasmid derived from a 
yeast 2-micron plasmid, id. Generally, the plasmid YRp7 is a satisfactory expression vector in yeast (Stinchcomb et 
ai., Nature 282: 39 [1979]; Kingsman era/., Gene 7: 141 [1979]; Tschemper era/., Gene 10: 157 [1980]). Tnis plasmid 
already contains the trp1 gene which provides a selection marker for a mutant strain of yeast lacking the ability to grow 
in tryptophan, for example ATCC no. 44076 or PEP4-1 (Jones, Genetics 8§: 12 [1 977]). The presence of the trp1 lesion 
as a characteristic of the yeast host cell genome then provides an effective environment for detecting transformation by 
growth in the absence of tryptophan. Expression in pichia (U.S. 4.308,537) is also satisfactory. 

Suitable promoting sequences for use with yeast hosts include the promoters for 3-phosphoglycerate kinase (Hitze- 
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man etal.. "J. Biol. Chem." 255: 2073 [1980D or other glycolytic enzymes (Hess eta.. "J. Adv. Enzyme Reg " 7- 149 
[1968]; and Holland. "Biochemistry" 12: 4900 [1978]). such as enolase. glyceraldehyde-3-phosphate dehydrogenase 
hexokinase. pyruvate decarooxylase, phosphofructokinas . glucose-6-phosphate isomerase. 3-phosphoglycerate 
mutase, pyruvate kinase, triosephosphate isomerase. phosphoglucose isomerase, and glucoWnase. 

Other yeast promoters, which are inducible promoters having the additional advantage of transcription controlled 
by growth conditions, are the promoter regions for alcohol dehydrogenase 2. isocytochrome C. acid phosphatase deg- 
radative enzymes associated with nitrogen metabolism, metallothionein. glyceraldehyde-3-phosphate dehydrogenase 
and enzymes responsible for maltose and galactose utilization. Suitable vectors and promoters for use in yeast expres- 
sion are further described in R. Hitzeman et al. , European Patent Publication No. 73.657A. 

Expression control sequences are known for eukaryotes. Virtually all eukaryotic genes have an AT-rich region 
located approximately 25 to 30 bases upstream from the site where transcription is initiated. Another sequence found 
70 to 80 bases upstream from the start of transcription of many genes is a CXCAAT region where X may be any nucle- 
otide. At the 3' end of most eukaryotic genes is an AATAAA sequence which may be the signal for addition of the poly 
A tail to the 3' end of the coding sequence. All of these sequences may be inserted into mammalian expression vectors 
Suitable promoters for controlling transcription from vectors in mammalian host cells are readily obtained from var- 
ious sources, for example, the genomes of viruses such as polyoma virus, SV40, adenovirus. MMV (steroid inducible) 
retroviruses (e.g. the LTR of HIV). hepatitis-B virus and most preferably cytomegalovirus, or from heterologous mam- 
malian promoters. e.g. the beta actin promoter. The early and late promoters of SV40 are conveniently obtained as an 
SV40 restriction fragment which also contains the SV40 viral origin of replication. Fiers etal.. Nature 273- 1 13 (1978) 
The immediate early promoter of the human cytomegalovirus is conveniently obtained as a Hindlll E restriction frag- 
ment. Greenaway. P.J. ef al. , Gene 1£: 355-360 (1 982). 

Transcription of a DNA encoding DNase by higher eukaryotes is increased by inserting an enhancer sequence into 
the vector. Enhancers are cis-acting elements of DNA, usually about from 1 0-300bp, that act on a promoter to increase 
its transcription. Enhancers are relatively orientation and position independent having been found 5 (Laimins L et al. 
PNAS 78: 993 [1981]) and 3' (Lusky. M.L., etal. , Mol. Cell Bio. 3: 1 108 [1983]) to the transcription unit, within'an intro'n 
(Banerj. J.L. et al. . Cell 33: 729 [1983]) as well as within the coding sequence itself (Osborne. T.F.. etal.. Mol. Cell Bio 
4. 1293 [1984]). Many enhancer sequences are now known from mammalian genes (globin. elastase. albumin a-feto- 
protem and insulin). Typically, however, one will use an enhancer from a eukaryotic cell virus. Examples include the 
SV40 enhancer on the late side of the replication origin (bp 100-270). the cytomegalovirus early promoter enhancer 
the polyoma enhancer on the late side of the replication origin, and adenovirus enhancers 

Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant, animal, human or nucleated cells from 
other multicellular organisms) will also contain sequences necesary for the termination of transcription which may affect 
mRNA expression. These regions are transcribed as polyadenylated segments in the untranslated portion of the mRNA 
encoding DNase. The 3' untranslated regions also include transcription termination sites. 

Expression vectors may contain a selection gene, also termed a selectable marker. Examples of suitable selectable 
markers for mammalian cells are dihydrofolate reductase (DHFR). thymidine kinase (TK) or neomycin. When such 
selectable markers are successfully transferred into a mammalian host cell, the transformed mammalian host cell is 
able to survive if placed under selective pressure. There are two widely used distinct categories of selective regimes 
The first category is based on a cell's metabolism and the use of a mutant cell line which lacks the ability to grow inde- 
pendent of a supplemented media. Two examples are: CHO DHFR- cells and mouse LTK" cells. These cells lack the 
ability to grow without the addition of such nutrients as thymidine or hypoxanthine. Because these cells lack certain 
genes necessary for a complete nucleotide synthesis pathway, they cannot survive unless the missing nucleotides are 
provided in a supplemented media. An alternative to supplementing the media is to introduce an intact DHFR or TK 
gene into cells lacking the respective genes, thus altering their growth requirements. Individual cells which were not 
transformed with the DHFR or TK gene will not be capable of survival in non supplemented media 

The second category is dominant selection which refers to a selection scheme used in any cell type and does not 
require the use of a mutant cell line. These schemes typically use a drug to arrest growth of a host cell. Those cells 
which are successfully transformed with a heterologous gene express a protein conferring drug resistance and thus 
survive the selection regimen. Examples of such dominant selection use the drugs neomycin (Southern etal J Molec 
2f P ^ e o e !i d- 3 ? ^ c °P nenolic ackJ ( Mulli 9 an #*. Science 2Q9: 1422 (1980)) or hygromycin (Sugden ef 

a/ Mol. Cell. Biol. 5: 410-413 (1985)). The three examples given above employ bacterial genes under eukaryotic con- 
trol to convey resistance to the appropriate drug G418 or neomycin (geneticin), xgpt (mycophenolic acid) or hygromy- 
cin, respectively. 7 

/™f ufta " e , e , ukar y°t' c host cells for expressing human DNase include monkey kidney CV1 line transformed by SV40 
(COS-7, ATCC CRL 1651); human embryonic kidney line (293 or 293 cells subcloned for growth in suspension culture 
Graham, FL ef a/., J. Gen Virol. 36: 59 [1977]); baby hamster kidney cells (BHK, ATCC CCL 10); Chinese hamster 
ovary^ells-DHFR (CHO. Urlaub and Chasin. PNAS (USA) 77: 4216. [1980]); mouse Sertoli cells (TM4. Mather J P 
Biol. Reprod. 23: 243-251 [1980]); monkey kidney cells (CV1 ATCC CCL 70); african green monkey kidney cells 
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(VERO-76, ATCC CRL-1587); human cervical carcinoma cells (HELA. ATCC CCL 2); canine kidney cells (MDCK 
ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human lung ceils (W138, ATCC CCL 75)- human liver 
cells (Hep G2, HB 8065); mouse mammary tumor (MMT 060562. ATCC CCL51); and, TRI cells (Mather J P et al 
Annals N.Y. Acad. Sci. 383: 44-68 [1982]). " 

Construction of suitable vectors containing the desired coding and control sequences employ standard ligation 
techniques. Isolated plasmids or DNA fragments are cleaved, tailored, and religated in the form desired to form the 
plasmids required. 

For analysis to confirm correct sequences in plasmids constructed, the ligation mixtures are used to transform E 
coli K12 strain 294 (ATCC 31446) and successful transformants selected by ampicillin or tetracycline resistance where 
appropriate. Plasmids from the transformants are prepared, analyzed by restriction and/or sequenced by the method of 
Messing et al., Nucleic Acids Res. Q: 309 (1981) or by the method of Maxam et al.. Methods in Enzymology 65: 499 
(1980). 

Host cells are transformed with the expression vectors of this invention and cultured in conventional nutrient media 
modified as appropriate for inducing promoters, selecting transformants or amplifying the DNase gene. The culture con- 
ditions, such as temperature, pH and the like, are those previously used with the host all selected for expression and 
will be apparent to the ordinarily skilled artisan. 

"Transformation" means introducing DNA into an organism so that the DNA is replicable, either as an extrachromo- 
somal element or by chromosomal integration. Unless indicated otherwise, the method used herein for transformation 
of the host cells is the method of Graham, F. and van der Eb. A., Virology 52: 456-457 (1973). However, other methods 
for introducing DNA into cells such as by nuclear injection or by protoplast fusion may also be used. If prokaryotic cells 
or cells which contain substantial cell wall constructions are used, the preferred method of transfection is calcium treat- 
ment using calcium chloride as described by Cohen, FN. etaL, Proc. Natl. Acad. Sci. (USA), fi2: 2110 (1972) 

"Transfection" refers to the introduction of DNA into a host cell whether or not any coding sequences are ultimately 
expressed. Numerous methods of transfection are known to the ordinarily skilled artisan, for example, CaP0 4 and elec- 
troporation. Transformation of the host cell is the indicia of successful transfection. 

DNase is recovered and purified from recombinant cell cultures by methods used heretofore with human, bovine 
ovine, or porcine DNase, including ammonium sulfate or ethanol precipitation, acid extraction, anion or cation exchange 
chromatography, phosphocellulose chromatography, hydrophobic interaction chromatography, affinity chromatography 
(e.g. using DNA or nucleotides on a solid support), hydroxyapatite chromatography and lectin chromatography. Moreo- 
ver, reverse-phase HPLC and chromatography using anti-DNase antibodies are useful for the purification of DNase As 
noted previously, (Price etaL. J. Biol. Chem. 244:917 [1969]) it is preferred to have low concentrations (approximately 
0.1-5 mM) of calcium ion present during purification. Other divalent cations which stabilize DNase are also utilized 
DNase may be purified in the presence of a protease inhibitor such as PMSF. 

Human DNase is placed into therapeutic formulations together with required cofactors. and optionally is adminis- 
tered in the same fashion as has been the case for animal DNase such as bovine pancreatic DNase. The formulation 
of DNase may be liquid, and is preferably an isotonic salt solution such as 150 mM sodium chloride, containing 1 0 mM 
calcium at pH 7. The concentration of sodium chloride may range from 75-250 mM. The concentration of calcium may 
range from 0.01 - 5 mM, and other divalent cations which stabilize DNase may be included or substituted for calcium 
The pH may range from 5.5 - 9.0, and buffers compatible with the included divalent cation may also be utilized The for- 
mulation may be lyophilized powder, also containing calcium. 

Commercially available nebulizers for liquid formulations, including jet nebulizers and ultrasonic nebulizers are use- 
ful for administration. Liquid formulations may be directly nebulized and lyophilized power nebulized after ^constitution 
Alternatively, DNase may be aerosolized using a fluorocarbon formulation and a metered dose inhaler, or inhaled as a 
lyophilized and milled powder. In addition, the liquid formulation of DNase may be directly instilled in the nasotracheal 
or endotracheal tubes in intubated patients. 

The purified DNase is employed for enzymatic alteration of the visco-elasticity or the stickiness of mucous Human 
DNase is particularly useful for the treatment of patients with pulmonary disease who have abnormal, viscous or inspis- 
sated purulent secretions in conditions such as acute or chronic bronchopulmonary disease (infectious pneumonia 
bronchitis or tracheobronchitis, bronchiectasis, cystic fibrosis, asthma. TB or fungal infections), atelectasis due to tra- 
cheal or bronchial impaction, and complications of tracheostomy. For such therapies a solution or finely divided dry 
preparation of human DNase is instilled in conventional fashion into the bronchi, e.g. by aerosolization of a solution of 
DNase. Human DNase is also useful for adjunctive treatment for improved management of abscesses or severe closed- 
space infections in conditions such as empyema, meningitis, abscess, peritonitis, sinusitis, otitis, periodontitis pericar- 
ditis, pancreatitis, cholelithiasis, endocarditis and septic arthritis, as well as in topical treatments in a variety of inflam- 
matory and infected lesions such as infected lesions of the skin and/or mucosal membranes, surgical wounds 
ulcerative lesions and burns. Human DNase finds utility in maintaining the flow in medical conduits communicating with 
a body cavity, including surgical drainage tubes, urinary catheters, peritoneal dialysis ports, and intratracheal oxygen 
catheters. DNase may improve the efficacy of antibiotics in infections (e.g., gentamicin activity is markedly reduced by 
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werable binding to .ntact DNA). It also may be useful as an oral supplement in cases of pancreatic insufficiency. 
DNase will be useful in degrading DNA contaminants in pharmaceutical preparations: the preparation is contacted with 
il aSe U ^V. cond,isons ,or grading the contaminant DNA to oligonucleotide and thereafter removing the oligonucle- 
tide and DNase from the preparation. Use of DNase immobilized on a water insoluble support is convenient in this util- 
ity. Finally. DNase may be useful in treating non-infected conditions in which there is an accumulation of cellular debris 
including cellular DNA. For example. DNase would be useful after systemic administration in the treatment of pyelone- 
phritis and tubulo-.nterstitial kidney disease (e.g.. with blocked tubules secondary to cellular debris), including drug- 
induced nephropathy or acute tubular necrosis. * ■»«« y«'"9 
DNase may also be administered along with other pharmacologic agents used to treat the conditions listed above 
SUC * ft°^ tCS " broncnodilators - anti-inflammatory agents, and mucolytics (e.g. n-acetyl-cysteine). It may also be 
useful to administer DNase along with other therapeutic human proteins such as growth hormone, protease inhibitors 
gamma-interferon, enkephalinase, lung surfactant, and colony stimulating factors. 

be described 0 understandin 9 01 OTe following examples certain frequently occurring methods and/or terms will 

• ", P ' aSmid !" 3re desiflnated bv a lower case P Preceded and/or followed by capital letters and/or numbers. The start- 
ing plasmids herein are either commercially available, publicly available on an unrestricted basis, or can be constructed 
from available plasmids in accord with published procedures. In addition, equivalent plasmids to those described are 
known in the art and will be apparent to the ordinarily skilled artisan. 

"Digestion" of DNA refers to catalytic cleavage of the DNA with a restriction enzyme that acts only at certain 
sequences in the DNA. The various restriction enzymes used herein are commercially available and their reaction con- 
ditions. cefaclors and other requirements were used as would be known to the ordinarily skilled artisan For analytical 
purposes typically 1 ug of plasmid or DNA fragment is used with about 2 units of enzyme in about 20 ul of buffer solu- 
on"; o r =« P -^°. Se ° f iS0 ' atin9 DNA fra 9 ments for P ,asmid construction, typically 5 to 50 M of DNA are digested with 
20 to 250 units of enzyme in a larger volume. Appropriate buffers and substrate amounts for particular restriction 
enzymes are specified by the manufacturer. Incubation times of about 1 hour at 37°C are oidinarily used, but may vary 
in accordance with the supplier's instructions. After digestion the reaction is electrophoresed directly on a polyacryla- 
mide gel to isolate the desired fragment. ^' ^ 

n ?V STT rati ° n w f » 6 Cleaved f ra9ments is Performed using 8 percent polyacrylamide gel described by Goeddel 
D. et al.. Nucleic Acids Res.. S: 4057 (1980). 

nh-iSSSf ° r h y . lation " i ra,ers to removal ° f »he terminal 5' phosphates by treatment with bacterial alkaline phos- 
£ f . ^ procedure preverrts the *"° restriction cleaved ends of a DNA fragment from "circularizing" or torm- 

mg a closed loop that would impede insertion of another DNA fragment at the restriction site. Procedures and reagents 
for dephosphorylation are conventional. Maniatis. T. etal.. Molecular Cloning PP 133-134(1982). Reactions using BAP 
are earned out in 50mM Tris at 68°C to suppress the activity of any exonucleases which may be present in the enzyme 
preparations. Reactions were run for 1 hour. Following the reaction the DNA fragment is gel purified 

. " ol| 9onucleotides" refers to either a single stranded polydeoxynucleotide or two complementary polydeoxynucle- 
ot.de strands which maybe chemically synthesized. Such synthetic oligonucleotides have no 5' phosphate and thus will 
not l.gate to another oligonucleotide without adding a phosphate with an ATP in the presence of a kinase. A synthetic 
oligonucleotide will ligate to a fragment that has not been dephosphorylated. symnenc 
m J^ ti0n l re, x S !° T e 1 P f0Cess 01 formin9 Phosphodiester bonds between two double stranded nucleic acid frag- 
T„h Unf ' S ' I f n • U6) - UnleSS otherwise Prided, ligation may be accomplished using known buffere 
menmto^gS A ^ 

"Filling" or "blunting" refers to the procedures by which the single stranded end in the cohesive terminus of a restric- 
tion enzyme-cleaved nucleic acid is converted to a double strand. This eliminates the cohesive terminus and forms a 
blunt end. This process is a versatile tool for converting a restriction cut end that may be cohesive with the ends created 
by only one or a few other restriction enzymes into a terminus compatible with any blunt-cutting restriction endonude- 
S n » 2*1? ,,1 ' ed .f ohes,ve terminus. Typically, blunting is accomplished by incubating 2-15 ug of the target DNA in 
10mM M gCI 2 . 1mM dithiothreitol. 50mM Nad. 10mM Tris (pH 7.5) buffer at about 37«C Tn the presence of s'unte of the 
n^Z 9 T ^ B polymerase 1 a "d 250 uM of each of the four deoxynucleoside triphosphates. The incubation 
generally is terminated after 30 mm. phenol and chloroform extraction and ethanol precipitation. 
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Example 1 

Cloning f Human Pancreatic DNase I 

CDNA Library Preparation 

nhJ^T^ FZT? cDNA J torar y was constructed in Xgt10 using polyadenylated mRNA prepared from freshly 

t£<^^Tt%2°T "T,^ 685 (Uuf,er e J *• Nature ^ :334 t1985D- Using oligo dT primers and 
EcoW-MI-Xbul-Sstll adapters, a cDNA library of 0.9 x 10 6 independent isolates of greater than 600 bp was obtained. 

Oligonucl eotide Prnhas 

Two long probes were synthesized based on the amino acid sequence of bovine DNase I. Two segments of amino 
acd sequence wh.ch exhibited low redundancy were selected and mammalian codon usage tables were 

Probe 1: 5'GTG-CTG-GAC-ACC-TAC-CAG-TAT<3AT<3AT-GGC-TGT-GAG-TCC-TGT-GGC-AAT-GAC 3' (51 mer 
corresponding to the amino sequence Val-Leu-Asp-Thr-Tyr-Gln-Tyr-Asp-Asp-Gly-Cys-Glu-Ser-Cys-Gly-Asn-AsD) 

^ e * !™ T -^ C - QTC - T ^ 

^C-gac-TTC-AAC-GC 3' (71 mer corresponding to the amino acid sequence Tyr-Asp-Val-Tyr-Leu-Asp-Val-Gln- 
Gln-Lys-Trp-His-Leu-Asn-Asp-Val-Met-Leu-Met-Gly-Asp-Phe-Asn) 

Isolation Of Human DNa se I cDNA Onnog 

M^^^rl^'^ltTZ 4 e o, * nuc,eotide Wnase «"d [^adenosine triphosphate (Maniatis ef al. . 
Molecular Clon,ng [Cold Spring Harbor Laboratory. 1982», and used separately to screen the human pancreatic cDNA 
hbrary under low stringency hybridization conditions: 20% formamide. 5 x SSC (0.75 M NaCI. 0.075 M sodium citrate) 
Si^ln /T, P n h ?!P h 0 a '!, (pH 6 8)l 01% sodium Pyrophosphate. 5X Denhardfs solution, sonicated salmon sperm 
SSSS 9 ??^ 1 %SDS and 10%dextran sulfate at 42°C. Low stringency washes were carried out in 1X SSC and 
™£J2L k , ^ 3nd 6) ° f 60 °' 000 C,0nes hybridi2ed with both P robes and «>"«ai"ed 1.3 kB inserts. 

^ int ° M13 V6Ct0rS (MeSsi " 9 etal - Nucleic *** Res - 2 :309 1 1 981l) and sequenced by the chain- 
termination method (Sanger et al., J. Mol. Biol. 143.: 161 [1980]). ' 

nMJ*T PariS0 l 0f ^ 6 d6dU ! ed amin ° add sec ' uence of clone 6 with the amino acid sequence of bovine pancreatic 
DNase I revealed extens^e homology. Notable, however, was a large deletion and a large insertion in the deduced 
ammo aadsequence of clone 6. In addition the insertion contained a stop at its termination and had the characteristics 
of a retained intron due to a misspliced message. Clones 1 and 2 also contained the putative intron 
clones' 0 add ' tl0nal SXaCt nucleotide P robes ,rom the sequence of clone 6 were synthesized for obtaining additional 

Probe 4 (N-ferminal probe): 5' CTG-AAG-ATC-GCA-GCC-TTC-AAC-ATC-CAG-ACA-TTT-GGG-GAG-ACC (42 
mer) v 

Probe 5 (putative intron probe): 5TCC-GCA-TGT-CCC-AGG-GCC-ACA-GGC-AGC-GTT-TCC-TGG-TAG-GAC (42 
mer) v 

. ™ e t pr0bes We E r !,! a ! >e,ed With ^ and USed t0 rescreen 1 3 x 106 clones from *• numan Pancreatic cDNA library 
at high stringency: 50% formamide, 5 x SSC (0.75 M NaCI. 0.075 M sodium citrate). 50 mM sodium phosphate (pH 6 8) 

su fie^rc ShT 8 ' 6, 5X Danhardt s ' f° nicated sPerm DNA (50 pg/ml). 0.1% SDS. and 10% dextran 

sulfate at 42°C Washes were earned out at 42°C in 0.2X SSC and 0.1% SDS. Four clones hybridized with probe 4 (N- 

Sr^l 3 ^ Pr ° b ^, 5 (pUtative intr ° n pf0be) a these ' clone 1 8 ' 1 - ***** conteined a" i"sert of approx- 
SSZl'l Y « " W3S SUbC ,° ned int ° M13 and ^nced. ™ nucleotide sequence of clone 18-1 anS the 
deduced amino acid sequence is shown in Figure 1 . 

Clone 18-1 is composed of 1039 bp and has a long open reading frame without the intron found in clone 6 As 
noted, possible initiation codons (ATG) are present (positions 160-162 and 169-171). Either may be used The 
former ATG with a purine at position -3 more closely conforms to the Kozak rule (Kbzak, Cell 44:283 [1986]). Between 
the Putative initiation codons and the nucleotides corresponding to the N-terminal leucine (CTGat position 226-228 are 

L^on^s^r^^ amin ° ^ SeqUenCe (19 " 22 acids f " which is a 

^hS^ 0 ' ,he i! ed ^ C ^ d amino acid sequence of human DNase I with bovine DNase I reveals extensive amino 
acd homology (Figure 2). The human and bovine proteins are 260 aa in length and possess an N-terminal leucine. The 
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major structural features of the bovine protein, which include the four cysteines (101 . 104. 1 73 and 209), the two poten- 
tial N-linked glycosylate sites (1 8 and 106). and the active site histidine (1 34). are conserved. Overall there is approx- 
imately 77% amino acid identity. 

The six regions of greatest amino acid diversity (amino acid residues 27-39. 83-96. 115-126 156-161 219-234and 
243-247) each contain more than three differences and more than 54% of the amino acids are variable.' Interestingly 
these reg.ons are also variable when the bovine sequence is compared with the ovine and porcine. Some of these 
\^°^V<^ Se t ( ^ P StrU ^? S accordi "9 to Xrav <*vstal structure of bovine DNase (Oefner et al. . J. Mol. Biol. 
192:605 [1986]), and thus would be predicted to be relatively immunogenic. Thus, it is likely that the amino acid differ- 
ences between the human and the bovine sequences may lead to immunologic reactions. 

Example 2 

Assays tor DNase Activity 



ity. 



In addition to standard ELISA (see example 4) and RIA. three assays have been developed to detect DNase activ- 



^Hydrolysis of ^P-labeled DNA^ Radiolabeled ^P-DNA was prepared using an M13 single-stranded template, a 
^ , ^? nC ' n9 P"" 1 ** p - dCTR non-radioactive dATR dTTP. and dGTR and Wenow. Briefly. 1.5X MgCI2 (35 
h L ° X restrlclion buffer ( ?0 mM Tri s-HC". PH 7.6; 35 mM dithiothreitol; 1 mM EDTA), and 6X h!o were 
mixed with u template (approxinrately 1 M g) and 1.5X Palmer (0.5 nM) and heated to 55°C for 7 min. Nucleotide 

ZZ^Zf^rT ng ^ P ^ TP (SP aCt - 300 ° Ci/mmol; 400 "* P |us * -* ° f 2 mM stocks of non- 
Sfe^S^^i^ t0 dtyn T and then restituting the nucleotides in 7X 1X restriction buffer. 

The i nucleotide m,x and U Klenow were added to the template-primer mixture and the reaction was incubated at 
:1£ A ™l 5 m,n - ^ of a non-radioactive deoxynucleotides were added and the incubation was continued for an 

d^G-S^^ 

^mnn^ltiJl 15 ntf incubatin 9 sarn P les with 100.000 cpm s^P-DNA plus 80 ng/ml non-radioactive 

salmon sperm DNA in DNase buffer (10 mM Tris-HCI pH7. 4mM MgCI2. 4 mM CaCI2) for 45 min at 37°C. The reac- 
tion is terminated by the addition of one-half volume of non-radioactive DNA (2 mg/ml) and one volume of ice-cold 

LlnST° et,C fff^* 10 min 3t 4 ° C ' the mix,ure is a * 12 -000g X 10 min. and an aliquoTof fte 

supernatant is counted. The presence of acid-soluble counts in the supernatant reflects DNase activity Each day 
a standard curve is generated by testing 0. 1 - 200 ng of bovine DNase I (Sigma D-5025) 
L A9ar ^L ate DNas l assay - Smitn - Hankock. and Rhoden (Applied Microbiology. Ifi:991 [1969]) described a test 
agar containing methyl green and DNA for determining DNase activity of microorganisms. This assay was modifJd 
" V° ^ 3 raP ? semi -q uantitative assay for soluble DNase activity in order to screen cell supernatants 
to monitor expression and to screen column fractions to monitor purification. To prepare the agar bacto aoar (7 5 

SJISi ? riT^ 9r ™ 07 5 m8) 3re added After stirrin9 for 1 " 2 hr at and autoclaving. platSare 
™ f . 888 iS m6aSUred by Sp0ttin9 a5 - 5X aliduote onto the P' ates - «W* are then 

SfS. a llT nM emPeratUre ,° r 37 °° for 4 ' 48 hr A Standard CUrve iS 9enerated b * ali <£°«"9 0.1-1000 ng of 
SnZ b!l£,n TJ? Y T aSUred by the 5,26 0< *° C ' ear ZOnes in the a9ar - be ^9 a logarithmic 
ESfiEF? DNase concentration and diameter of the clear zones. This assay format also is applLble for 
he rapid identification of high-expressing DNase-producing clones, either with a view towards producing DNase or 
towards screening transformants in which the DNase is used as a selectable marker or as a reporter gene 

for m ?t a fn rt,0 n n Q « US 7 r"7l 9re6n ^ ° NA a " a9ar P ' ate forma, • these rea9ents are also in an aqueous 
format (e.g. in 96-well plates) to rapidly, sensitively, and specifically quantitate DNase activity. 

™22 u£° yaC I ylar ^t 9el e,ectr °P horesis and xymography. SDS-polyacrylamide gel electrophoresis and xymog- 
S£ T^F? . by a , m0drflCati0n 01 the P^ure of Rosenthal and Lacks (Anal. Biochem. 80:76 [1977]) 
f n7™ T"JT W3SUSedt0 P re Pare 1 2% polyacrylamide gels. Salmon sperm DNA (1 0 mJq 

^LJSZt ] T? t0 b0lh the StaCk,n9 and ,he resoMn 9 « e,s P ri °r to polymerization. Proteins were 
SST T" ^ ef ' eat6d * 10 °° C fof 3 min> pri0r 10 application t0 Electrophoresis was con- 

2S?„ £° , TiT^-* . at ! 0 , nStan, Current - Fol,owin 9 electrophoresis, the gel was rinsed with water and incu- 
Slc ^ £ ,°oT M TnS '^ C1, PH 7 5 ' 2 mM M9CL2 « 0 02% Mida - After 1 hr. fresh buffer was added and Z 
9 nnT 12 81 T ° feVeal ° NaSe ac6vi »- the 9el was P" 1 into fr aah buffer containing 2 mM ScS 

stoo th^cTnr! ^nTA ™ W at intervals from 5 min to 24 hr. To 

. K , { concentration 15 mM). and the xymogram is photographed. The gel can then 
be stained for protein by Coomassie blue. 
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Example 3 



Expression of Human DNase I 



1. pRK.DNasa 7 



Plasmid pRK.DNase.7 was constructed from clone 18-1. described above, as follows- 

* pRK5 T S d ^ e f ,6( l With EcoRI - de P h osphorylated. and fragment 1 comprising the bulk of the plasmid 
was ^isolated pRK5 is described in Suva et al.. SsiSDSS. 237:896 (1987); and EP Publ. 307.247. published 15 March 
1989. where the P CIS2.8c28D starting plasmid is described in EP 278.776 published Aug 17 1988 The X DNase 

I nnt 18 .' 1 IT di9 ^ t6d Wilh ECORI -nd ,hS inS6rt < fra 9 ment 2 ) wa * Rotated. Fragment 1 and fragment 2 were ligated 
and the ligation mixture transformed into E. coli strain 294. The transformed culture was plated on ampicillin media 

feS,S,ant e 2£ toS S6leCted - P,aSmid DNA W3S prepared from transformants and checked by reaction aS? 
ysis tor tne presence of the correct fragment. 

pRK.DNase.7 was transfected into human embryonic Wdney-293 cells for transient and stable expression. For tran- 

^SIS^JT^S^ 6 °. ^ P,at6S °' C ° n,,Uent HEK " 293 cel,s (50% > were ^sleeted as previously 
£Z2?S£%£ « ] y ? f 0 '"" 1 phosphate method O^W* e/a/.. 1979). For stable expression of human 
DNase I, HEK-293 cells were s.milarly transfected simultaneously with pRK.DNase.7 and a plasmid expressinq the 

T^!!." 9 f e PRSV " e0 (Gorman ef a/ - ■ 1 «)• Two ^ after transfection. the cells were passaged into 

SS?«l>nT £. ^^supplemented with L-glutamine. penicillin-streptomycin and 10% FBS) with 0.5 mg/ml 
ta4i 8 (Gentian sulfate; Gibco) for selection of stable lines. 

Analysis was undertaken of supernatants of 293 cells transfected either transiently or stably with the DNase plas- 

S nES " "a ^ 0 ?u NaSe 3CtiVity ' 35 meaSUred either by the 32P " DNA h y* 0| y sis «*V or the green agar 
plate DNase assay Analyse of the transfected cell supernatants by SDS-PAGE and xymography repealed a new pro- 
E£2 approximately 35-37 kD with DNase activity. Additional studies showed the recombinant human DNase I 

dSSS«„2S Si^S r fof aCBvity ' W3S inhibited by EDTA ' heat - and «*"• and h «d greater activity for 
^'e stranded DNA than for single stranded DNA. The specific activity of human DNase expressed in 293 cells 
appeared comparable to that of bovine DNase. 

2. DSVeDNaseDHFRa 

as f£lows DNASeDHFR3 ' 8 PlaSmid SUitab ' e for reconibinant synthesis of human DNase I in CHO cells was constructed 
An intermediate plasmid was constructed in order to remove a redundant polylinker region. Plasmid pRK DNase 7 
™J2T* EC0R ' Snd SCb ' * e ,ar9est fra 9 ment containi "9 tha * Potion of the DNa^ coding region was 
!S? m ^ r f 9ment f T" pRKDNase7 was di 9 e sted «*" S*. blunted wfth Klenow. digested £ ffS 
S£. «"ta.n.ng the 3" portion of the DNase coding region was isolated (fragment 4). pRK5 was 

cut with Smal and \ EcoRI and the fragment comprising the bulk of the plasmid was isolated (fragment 5). Fragments 3 
A and 5 werehgated and the mixture was transformed into E. coli strain 294. The transformed culture was plated on 
h!ST ^ J"? r6SiStant C0 ' 0nieS Se,ected ' Plasmid DNA was P r «Pared from transformants and checked 

tSS^tr,? 6 °! ** ^ect fragment. The resulting plasmid is referred to as pRKDNaselnt. 
th. ? . ^400022 (Crowley et al.. "Mol. Cell Biol." 3 :44 [1983]) was digested with EcoRI and Pvul and 

the small^t fragment containing the SV40 early promoter and part of the p-lactamase gene was isolated (fragment 5) 

TJTZZ S p! h ^;' aCtamaSe 96,16 35 W6 " 35 the SV4 ° ear,y promo,er and DHFR gene was iso- 
^ PRKDNaselnt was digested with EcoRI and SamHI and the DNase coding fragment was 
solated (fragment 7). Fragments 5. 6. and 7 were ligated and the mixture was transformed into E. co// strain 294 The 
iTJfZ™^ T ™Z ° n ampia '" in media plates ^ resistant colonies selected. Plasmid DNA was prepared 

FOf !! ab ^iT re ! Si0n °' huma " DNase '■ using the ab0¥B P ,asmid - 60 "™ P' a »es of confluent CHO cells (DP-7) 
were transfected by the calcium phosphate method and grown initially in selective medium. Unamplif fed cell lines have 
grown out whose medium contains approximately 0.02-0. 1 ng/ml of DNase activity, as measured either by the 32P-DNA 
hydrolysis assay or the green agar plate DNase assay, ft is anticipated that higher levels (at least 5X) of expression 

S m Ce " S W6re 9r0Wn 10 hi9h d6nSi,y in a ferment0r ,ndividual c,ones would be selectJfor their 
indrndual levels of DNase expression to pick high secreting cells, and thereafter amplifying each selected clone in the 

presence of increasing concentrations of MTX (12.5 to 2000 nM) 
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3- PDNA11 

mid t Snni^T!?^ SUi,aWe for reoon * inant ° f DNase in £ co// as a secreted protein. Thisplas- 

mid is called pDNAi 1 and was constructed as follows 

hulk'SZ! (EP Pl f ';^ 278J76) WaS di9eSted and SB" and »• ^mem comprising the 

^ P 'fjf " (,ra9ment 8) " Plasmid P RKDN a«7 was digested with Sail and BgjXI and*e 798 bp 
fragment comprising most of the coding region was isolated (fragment 9). Two synthetic oligonucSes were synthT 

DLink 1 : 5TTG-AAG-ATC-GCA-GCC-TTC-AAC-ATC-CAG-ACA-T (31 mer) 
DLink3: 5'CTG-GAT-GTT-GAA-GGV-TGC-GAT-CTT-CAA-TGC-A (31 mer) 

tormrtZrElSVa,^^ ° li 2 0nU ^ e0,ideS DUnk 1 and DUnk 3 were Hgated and the mixture was tmns- 
ElS pJL"? i2T The 2f " sformed culture ^ P'ated on ampicillin media plates and resistant colonies 
rl fr ™ ^ Pr 4 6Par f ,mm trans,ormante and checked by restriction analysis for the presence of the 
?™ ? ? ^ eS !r t,0n ° f 1,16 and 621X1 restriction sites - Several plasmids were sequenced to confirm 
SESnlirSSSf A - 294 Ce " S transformed with P° NA1 1 ^ssed >500 mg/L tftwo new ™£r p™ 
™™ri *i ^^vT«P rriajor band at approximately 32 kD and a minor band at approximately 30 kD Amino 
acd sequence ana^sm of the two bands revealed N-terminal sequences of Met-Lys-Lys-Asn-lle-AJa and Leu-Lvs-lle 

r^-tZ • r6SP f < * Ve,y - ThUS ' thS hi9her MW resents unprocessed human DNase and the lower MWtand 
represents properly processed native human DNase. 

m^cT^ 0 *! 356 expressed in E - co,i is active - 294 ^lls transformed with pDNA11 grown on agar plates supple- 
mented wrth calcium, magnesium, and low phosphate revealed secretion of active DNase. as evidenced tfie prSSce 
Sit? SrSSSfS the transformed cells, end not control cells. In addition, transformed S2£iE2 
SDS and beta-mercaptoethanol were run .nto SDS-PAGE gels and xymography was performed DNase activity was 
assoaated wrth the band of properly processed human DNase. but not with unprocessed human DNaS 

4. QDNA2 

A plasmid was constructed for recombinant expression of human DNase I as an intracellular protein in £ coli The 
plasmid is called pDNA2. and was constructed as follows. p oie n in fc co "- 7116 

Plasmid PHGH207/307 was prepared from pHGH207 (U.S. Patent 4.663.283) by removing the EcoRI site 
upstream from the trp promoter (EcoRI digested, blunted and religated) 

Plasmid DHGH207/307 was digested with *bal and Sail and the largest fragment comprising the bulk of the olas- 

SIT™I251 ( "T 6 "' ^ P ' aSmid pRK DNase 7 «- di 9 ested with Sail arxi fiaxi arSthe rol^m* Sn 
prrsing most of the coding region was isolated (fragment 9). Two synthetic oligonucleotides were synthesized 

DUnk 4: 5'CTAGAATTATG-TTA-AAA-ATT-GCA-GCA-TTT-AAT-ATT-CAA-ACA-T (42mer) 
DUnk5:5'TTG-AAT-ATT-AAA-TGC-TGC-AAT-TTT-TAACATAATT(34mer) 

fer m ^?„T„ en p ^f n f 10 o'S. 8 ^ 6110 oli 9 onucle °ticles DUnk 4 and DUnk 5 were ligated and the mixture was trans- 
Slir 94 ^transformed culture was plated on ampicillin media plates and resistant colonies 
SSKTT? PrCPared ,r ° m ,ranstormante and decked by restriction analysis for the presence of the 

^r,n 9 l Ce " S tra " Sformed P° NA2 expressed one new major protein as revealed by SDS-PAGE of approximately 
Zdin^oTrSn BSST** * ^ ^ ^ 25 

Human Met-DNase expressed directly in E. coli is also active. Transformed cells solubilized with SDS and beta- 

SDS - PAQE 9e,s and - periormed - DNase a ^ - 
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EXAMPLE 4 

Further Analysis of DNase Expression 
9, DNase Expression Vantn^ 



rnnJ£! ll"!^ deoxyribonuclease (DNase) I cDNA from plasmid pRK.DNase.7 described above, which 

dRkTwTs ZSSZ ? T °£?> CDNA **? 1W iS0 ' ated fr ° m 3 «#° human P 3 "^ CDNA ^ary in vector 
2^.72 ^ PRKS ? Cr6ate the intermediate expression vector pRK.DNase.3. In this plasmid 
hlw^fiS T'f 815 ' S direCted by ,he CMV «™**» «H>ulatory elements. A splice unit, described 
,hi rJ5 , ee " T 8 transcr " Jtion and franslation in » ia «0" sites. For generation of DNAsT expression vector 

he CMV transcription regulatory sequences and the splice unit of pRK.DNase.3 were replaced by tte SV40 fra^S 
tion regulatory sequences and different splice donor-intron-splice acceptor units as described betow For corZrisoS 
a corresponding vector lacking the splice unit was also created (pSve.DNase) comparison. 



1.pRKDN as «3 



P R K pNase.3 F,g^ 3) was constructed as follows: pRK5 was digested with SmaJ and Sail, which cut exclu- 
vSr ™? a P V r r T" bStWeen tHe 5 ' and 3 " COntr0 ' s «l ua "«*. a "d the large fragment waited. Tte ?RK5 
Sr whl t h^r donor - ,ntron - s P ,ice region upstream of a coding region and downstream of a pro 

moter. where the .ntron reg.on consists of a cytomegalovirus (CMV) immediate early splice donor and irtron 
sequences, a bacteriophage SP6 promoter insert, and immunoglobulin (Ig) heavy chain variable regfon 



(V.) 



ntron and splice acceptor sequences. Vector pRK.DNase.7 was cleaved with Bsml, the 3' protruding ends were 
rammed back w,th T4 DNA polymerase, and the material was redigested with SalftoTe.ease the enti^ h JmTn DNase 
I coding sequence as a 921-nt fragment After gel isolation, this fragment was ligated to the pRK5 large fragTnt uSna 
standard hgation methodology (Maniatis et al. . 1 982. supra) to create vector pRK.DNase 3 9 
anfJ P "„ c S^ a n e '> C ^ ntaln f C ^, V transcr ''P tion regulatory elements, and a splice unit located between the transcription 
nSSoT ' Fi9 ' 3> ' n thfe VeCt0n * e Sp,fee Unit °* the PRK5 vector is P resent ««houfaS 



modifications. 
2. oSVeDNasa 



Vector pSVe.DNase was constructed as follows (Fig. 3): The regulatory sequences preceding the DNAse codino 
region in vector pRK.DNase.3 were separated from the remainder of the vecto7by digestion w S! and Ga^NA 

EES y pol >' ac,en y |at,on re 9 ion - T"^ ' a '9est fragment lacking the 5" control region was gel 

vecto^Z^RMr^f 0 ' pE348 ™ FRUC served as a a °"rce of the SV40 transcription regulatory sequences. The 
SKr K (Vannice and Levinson. J. Virology, 62:1305-1313, 1988. where it is designated pE. Figure 1) 
contains the SV40 enhancer and early promoter region upstream of the Hjndlll site, including the SV40 ea riv sties of 
whi^TS," "ITl^l" 51 71 in me VirUS) ' Precedin9 CDNA encodi "9 ™"" a dihydroSe reductase (DH?R) 

%&ZS£2£2F*" "*Zt B VirUS (HBV) "** Si9na ' in P ' aSmW PML1 fram the t0 the ^l. sites 

n JSf. P T S 3 P0 ' y,,nker ,mmediate| y "Pstream of the SV40 sequences. The SV40 transcription reg- 

ulatory sequences, were released by digestion with S§tl and CM and the resuming 5' protruding ends Seffledfn 
using Wenow poll ,n the presence of all four deoxyribonucleotides (dNTPs: dATP. dGTP. dCTP TTP) Son subseTent 
W *^'- SV4 ° * a "**P*>n regulatory sequences (enhancer and ear y promoted ; wSjSTSS 

^I,rf SCr,Pt,0n . : nrtiat '° c n) - PfeSent ° n thS Sma " er fra 9 ment < 360 nucleotides) were gehsolatS 

oRK f a9m f? P^DHFRUC described immediately above was gel isolated and ligated to the large 
pRK DNasejt f agment to generate vector pSVe.DNase. In this vector. DNase synthesis is directed by the SV40 tran 
scr.pt.on control sequences, but no splice unit is present between these and the DNase coding region 



3. pSVI.DNasn 



Vector pSVI.DNase (Fig. 4) was prepared after insertion of the DNase coding sequence into an intermediate plas- 
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l , JTc 'T med,ate W3S ° reated by replaCin9 the pRKS CMV inscription regulatory elements, located 
^S^ 1 ' rest " ctlon srtes . with the small Jflal-Hindlll fragment from pE348DHFRUC that contains the 
^fn^T ent ^ er - 1716 3> Protruding ends generated by 5ac.ll digestion of pRK5 were chewed back 

w.th T4DNA polymerase, and the 5' protruding ends resulting from Hindlll digestion of pE348DHFRUC were filled in 
using T4 polymerase in the presence of all four dNTPs. 

For construction of pSVI.DNase. the DNase coding sequence was isolated from vector pRK.DNase 3 by deavaoe 
w,th EcflR. and Hind II. and inserted into the large fragment of pRKS.Sve that had been isolate after digestion S 

mXTnc^r^^ P ? VL lf DNa f M * * e SV40 transcription regulatory elements (enhance?^ eaTpm 
moter. including the SV40 early srtes of transcription initiation) and mRNA cap sites, followed by the splice^tonor-intron- 
spl.ce acceptor unit of the pRK5 vector without any modifications, the cDNA encoding DNase. the SV40 early polyade- 
nylationCpolyA") region, and the SV40 origin of replication ("ori") regions from SV40 

Fig. T e C ° mPlete nUG,e0tide sequence of pSVI.DNase up to. but not including, the coding region of DNase is shown in 

4. pSVI2.DNase, pSVI3.DNase nSVIS DNasp a n d DSVI6R DNaeo 

^HS^ 2 0 ^- P?y 13 DNase - PSVI5.DNase. and pSVISB.DNase were constructed (Fig. 5) by recombining 
IS™^ C88e - 7116 f L ret the ' ar9e P RK DN ««-3 fragment resutting from digestion with EcoRI, treat 
ZZ ZTJlu? P 0| y meras e m the presence of dNTPs, and subsequent cleavage with Sstl; the second"^ in each 
i£! 39ment conta,nina *e SV40 5' regulatory sequences and a modified splice unit 
Modrf.cat.ons to splice units for enhancing recombinant expression in mammalian cells are known in the art Fig 
If ,h^T 3 ^^^representation of the splice unit nucleotide sequences involved in the preparation of the vector 
1 u^ZiSf : , SV SV ^ V 5 SV ' 5> SV,6R ThS boxes re P resent changes from the SVI sequence, theX 
sequence (BPS) regions, the breaks in sequence represent deletions of the nucleotides for SVI3-SVI5 the " " desia- 
^°r^ ,C l eS s ^" e " ce 1 no tf hown . and the carets indicate the 5" and 3' cleavage sites within the splice donor and 

ZT^ *T **" "* Th6Se Sequences ™y be PW by known methods of protein 
synthesis, or by standard modifications of the pSVI sequence. 

nc^fnJ" 10 show J he , complete nucleotide sequences of PSVE.DNase. pSVIS.DNase. pSVIS.DNase. and 
IStlS^^^? t0 " ^ 01 DNaSe ' ^ «■*• unit of Fig^Mt 

b. Transient DNase E»nmssi ff n 

c 6 H^fi e ,«^ ) ^!!, i0 K n dire( ^. b y tne differen t D Nase vectors was analyzed after transfection into CHO dhfr cells 
CeHs were transacted by a modification of the DEAE^Iextran procedure and levels of DNase accumulated in the cell 
Zl^fZ^V™!^ 0 "- *»»■*"■»■* 4 * 1 °* cella -ere plated per well in six-weN 35mm cuVuS 
? 37 mM Naa Tm M S ^/°MT, e ^ M9 ° NaSe eXPreSSi0n VeCt0r was ad j usted to 15 Ml by the addition of TbS 
dlLn rin/ ' / T h o f mM NaaP ° 4 ' 24 7 mM TfisHCI ' 135 mM CaCI * 105 mM M 9CI 2 , pH 7.5). 30 pi DEAE- 
^ ^r^"!^ T SerUm ' free CU ' ,Ure mSdium C0ntainin9 100 " M chloroquine were then added The cel. 

™ W " d Ce " 8 W6re rinS6d ° nce witn PBS (P h °sphate buffered saline. pH 7.5). and the DNA mature 
TZ^t T* ,0 " OWed t "° t0 ,nree hours lat ar by a glycerol shock, and the cells were covered with 2 ml rata 
growth med.a until assayed. The DNase vectors were cotransfected with 2 M g of a control plasmid pRSV hGH v?hich 
directs expression of the human growth hormone (hGH) gene controlled by L transcription regulatory sequent in 

2nS2»^^IS 1 S ° r1, 3M: 1 19-124 (1988) tne RSV P romote r- ^e amount of hGH 

synthesized n each case served as a standard to allow for a more precise comparison of the DNase levels obtained in 

TdJSJ tranSfeC,, ° nS - Sh0W " b6,OW are * ha lavels * DNa *> — hGH produced in a typical experiment pelted 



Vector 


ng/ml DNase 


ng/ml hGH 


(corrected) ng/ml DNase 




run1 


run2 


run1 


run2 


run1 


run2 


pSVe. DNase 


19.7 


17.4 


50.1 


42.0 


8.6 


9.2 


pSVI.DNase 


17.9 


13.8 


29.7 


20.4 


12.8 


14.7 



18 



15 



20 



25 



30 
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(continued) 



Vector 


ng/ml DNase 


ng/ml hGH 


(corrected) ng/ml DNase 




run1 


run2 


runl 


run2 


runl 


run2 j 


pSVI2.DNase 


34.2 


30.5 


41.9 


40.3 


18.0 


17.0 


pSVI3.DNase 


37.8 


28.7 


45.2 


40.5 


18.0 


15.1 


pSVIS.DNase 


28.4 


22.1 


37.2 


28.7 


16.7 


17.0 


pSVI6B.DNase 


28.5 


37.8 


61.3 


67.5 


10.2 


12.2 



DNase levels in the media were measured by a standard ELISA using serum from rabbits injected either with 
™ n ° N ^ e * £*» ^ase and adjuvant (Practice and Ifagorv gj EnzyL ■ JST? 

avaiiawe assay Kit (IRMA, immunoradiometnc assay) purchased from Hybritech, Inc U Jolla CA 

n<*J£Z£?j? laS !u Ct ?l! m " SU998St that DNase "Won directed by vectors pSVI2. DNase.' pSVIS.DNase and 
pSVIS^DNase is somewhat h.gher than that obtained with the parental vector pSVI.DNase. The numbers in tt,e S S 

1 9 IE""" ** n0W a ' SO to PSVI6B.DNase. Although it mJSZSi Z £TtSd 
column presents the more credible set of data, it is not certain that efficient hGH synthesis does not adversely affert the 

°12 I* Synth6SiS - F ° r 6Xample - With0ut ,imitation to a "y °"« *eory. expression at this eveTm^ySSuS 
compejton for components in the secretory pathway, and as a result a reductase £!EZ tSKJSE fe 
h^h. Other compete effects my also bias the results such that the first column of data may well represeXTacTull 
drfferences.nexpress.on capability among the various DNase vectors. In either case. his^ZtSSSso^SZ 

ZSSSSL ISSSSST hi9her leve,s of DNase in a ^ as - 

C- Stable DNase Expression 

im^^TS^^ f2"- Dr 5t 1 VI2 DNase - PSVI3.DNase. pSVIS.DNase. or pSVISB.DNase were 
, • 3 6 °" mm d ' Sh W,th a 1 " 01 pFD1 1 " After *"° da y s *e cells were split 90% and 10% 
12^ f! h , Wh . en ^ ,0n ' eS aPPearedl they were °° unted and as mixed colonies. Per celfassays were 

performed in duplicate (designated A or B in the table below), except for pSVI2.DNase which was measured once n 
this assay, the cell line was set up at 2 x io» cells/well-6 wel. dish in 3 ml. Three d^^a«^l?S™^S^tt; 



45 



50 



55 



Vector 


pg/cell/day DNase 




A 


B 


pSVe.DNase 


0.057 


0.040 


pSVI.DNase 


0.079 


0.016 


pSVI2.DNase 


0.067 




pSVI3.DNase 


0.048 


0.043 


pSVIS.DNase 


0.014 


0.005 


pSVI6B.DNase 


0.039 


0.062 



Example 5 

Reduction in Viscosity of Purulent Sputum by Recombinant Human DNase ' 

hv ^fH 60 ! 0 ' f !f^ inant hUman ° NaSe ' and pure bovine DNase 1 (Worthington) on purulent sputum produced 

ZZSSSXT^TZ ? ,s ws examined using a ^ assa * ™*»> JEKES w£ 

approx.mately 100 mJ of sputum .n Eppendorf test tubes. After various periods of time at 37- 7. the tubes were inverted 
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^ * th i sputum to P° ur down *e Sl 'de of a test tube was evaluated on a scale of 0 (no movement) to 5+ 

TtZiLl^nS.lT- "^T": untransfecfed ce " s^Pematants had no effect. The speciticity was conf?mef by 
SSS°| ISS^??.' r S and huma " DN «se-completety prevented the 293 supernatants from human 
DNase I transfected cells from hquefymg cystic fibrosis sputum. In addition, the effects on sputum of bovine S3 

P k ?!! °' Pr0,6aSeS W8S examined for ,he firet «™ P^ousty published a Sed boSe 

ESETEfTt 10 b6 COn,aminated •» sianif entities of chymotrypsin andCsin S 
had been shown to have activrty on sputum by themselves. Pure bovine DNase I. free of proteases rStoSS 
purulent sputum. Thus, pure DNase alone is effective at reducing the viscosity of sputum. Pr0teaSeS ' rap,d,y " qurf,ed 

Claims 

1 ' Rflu™ j S0,ate 6nCOdin9 9 P °^ PePtide WhiCh COmpfises the ^ huma " DN ** amino acid sequence shown in 

2 ' L^h 80 '* 6 ^J"** 8 P 01 ***"* comprises a substitutional, insertional or deletional variant of the 
SnS^ns 386 am,n ° &CKi SeQUenCe Sh ° Wn " R9Ure 1 • WhiCh V3riant DNase «- « S ilu 

3 " S N D a s«Sn!f fl ^ C f 3 P0 T P,ide """P^B an amin ° ««d sequence which is that of the mature human 
DNase am.no acid sequence shown in Figure 1. except for a single amino acid substitution at one residue of the 
mature human DNase amino acid sequence shown in Figure 1. dUS ° * e 

4 * Il^ n l i r 1 ° f C,aim 2 com P risin 9 a nucleotide sequence which is that shown in Figure 1 encoding the 
mature human DNase am.no acd sequence or is a substitutional, insertional or deletional variant thereof 

5. A recombinant expression vector comprising DNA encoding the polypeptide specified in any of claims 1 to 4. 

A composition comprising a cell transformed with the recombinant expression vector of claim 5. 

7. The composition of claim 6 wherein the cell is a mammalian cell. 

8. Use of a polypeptide encoded by DNA according to any of claims 1 to 3 in the manufacture of a medicament for 
reducing the visoo-elastcity of an accumulation in a patient of purulent material. medicament for 

9. Use of a therapeutically effective dose of a polypeptide encoded by DNA according to any of claims 1 to a in «« 
manufacture of a medicament for treatment of cystic fibrosis. becoming » any of claims 1 to 3 in the 

1 °* * aPOlyPePtide 6nCOded by DNA accordin ° to an * of clai ™ 1 to 3 in the 

manuraciure ot a medicament for enhancing the activity of antibiotics. 

11 ' ^InSXZ^^ ^cording to any of claims 1 to 3 in the manufacture of a medicament for 
iSTrSvl dU,t commun,ca,in 9 with a gent's body cavity by contact with the interior of 

12. Use according to claim 1 1 wherein the polypeptide having DNase activity is covalently bound to the conduit. 

1 \ U ag^ 
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Fig.2. 



hDNase SJ^J^!Sf^^ V f^^;^JALVoJ?RDSHLTAvlK 

bDNase UCIAAFNIRTFGETKMSNATIASYIVRI^RroiVLil^V^SHL^ 

10 20 30 40 50 

hDNase l^N^QDAPDTYHYWSEPWRNSYKERYLFVyRPDQVSAVDSyyYDTC 

bDNase IXDYI^QDDPNTYHYWSEPI^RNSYKERYI^RPNI^SVLjyrVOyDDG 
60 70 BO 90 100 

hDNase CEPCGNDTFNREPAIVRFFSRFTEV^ 

•*.****.*.****.*.* * *.***•*.***• * **•* *«•« 
bDNase CESCGNDSFSREPAWKFSSHSTKVKEFAIVALHSAPSDAVAEINSLYDV 
110 120 130 140 150 

hDNase J^QElTOUEVMIJi^ 

bDNase YIJ3VQQKTOI^VMLMGDFNADCSYVTSSQWSSIRLRTSSTF0WLIPDSA 
160 170 180 190 200 

hDNase K™otSj»XV^ 

"*««.*.****•***** **...** ** •*•**«*««* * **• 

bDNase DTTATSTN^YDRrWAGSLl^SSWGPSAAPFDFQAAYGLSNEMALAIS 



210 220 230 240 



250 



260 

hDNase DHYPVEVMLK 

******* * 
bDNase DHYPVEVTLT 
260 
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Fig A. 
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FigMcont.) 
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Fig. 9. 



alul 

h!it5p« hinell 
£ sp " 86 accI 



taql f f I 

SSSSS gggSg SSEB2 jfeSsgSSg SSSSS 



.],.„ nsil 

bs?" s P hI sfaNI 

nspCIx 



61 HSSSg £3333 SSSgg ggggg SggsfsSSS 



nlalV 

scrFI scrFI 
ecoRII ecoRH 
bstNI bstNl 



121 sssss sss&g gsjjgssi sssss jsggg sss 



sfaNI 
nsil 
avalll 
nlalll 
sphl 
nspCIx 



181 S^?SS« TCT CAATTA GTCA GCAACCATAG TCCCGCCCCT AACTCCGCCC°ATCCrrrrrr 
CCTACGTAGA GTTAATCAGT CGTTGGTATC AGGGCMGGA T?GAGGCGGG £a^^ 



nlalll 

bsrI ncol 
241 CAG TTCCGCC CATTCTCCGC CCCATGGCTG ACTAATTTTT TTTATTTATT 

ATTGAGGCGG GTCAAGGCGG GTAAGAGGCG GGGTACCGAC TGATTA™ IaATAAATAC 

fnu4Hl 
bgli 

sfil ddel 
haelll haelll haelii ranLI 
~ mniI mnl1 mnl1 mnli alul mnlT 

GicicCQGCT CCGGCGCArr TATTCCAGAA GTAGTGAGGA GGCTTTTTTG 

^H-rcCGGCT CCGGCGGAGC CGGAGACTCG ATAAGGTCTT CATCACTCCT CCGAAAAAAC 

scrFI 
ncil 
mspl 
hpall 

, , haelll 

xmalll 

haelll , . ^ 

stui * a *J hxnfl 

h t ctri thai 

mnil hindlll h^II 0 * 1 * 11 fnuDII 

361 CTCCGGA^CC rllH^^ A AGCTTATCC a GGCCGGGAAC GGTGCATTGG AACGCGCATT 
CTCCGGATCC GAAAACGTTT TTCGAATAGG CCGGCCCTTG CCACGTAACC TTGCGCCTAA 

bstXI 

~i t sau96l 

Plel haelll 
hinfl rsal hinfl asul stvl 

... „„^„,^_ Ul matched splice donar 

A S AGT CAGGT AAGTACCGCC TATAGAGTCT ATAGGCCCAC CCCCTTGGCT 
GGGGCACGGT TCTCAGTCCA TTCATGGCGG ATATCTCAGA TATCCGGGTG GGGGAACCgI 
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